The leaf essential oils of Beilschmiedia sp. nov. "chancho blanco", Cinnamomum costaricanum, Ocotea meziana, Ocotea sp. nov. "los llanos" and Ocotea sp. nov. "small leaf" showed notable in-vitro cytotoxic activity on MCF-7 cells. In order to examine possible synergistic effects of essential oil components, cytotoxic activities of 1:1 binary mixtures of a number of volatile compounds were determined. Notable synergistic cytotoxic enhancement was observed for mixtures of various compounds with citral, citronellal, and artemisia ketone. The cytotoxic activity of α-humulene, on the other hand, was antagonized by pinenes, thujene, and camphene. Likewise, camphene and terpinen-4-ol reduced the activity of β-caryophyllene.
Synergism, in contrast to simple dose addition or additive responses, represents the interaction or dynamic interplay of two or more components to produce an enhancement (potentiation) or inhibition (antagonism) [1] . Synergistic activity has been observed with the components of essential oils [2a] . Thus, for example, thymol and carvacrol, in combination with other essential oil components, exhibited enhanced antibacterial activity [2b] . Conversely, γ-terpinene and p-cymene have been found to reduce the antibacterial activity of terpinen- 4-ol [2c] .
Synergistic effects of essential oil components have also been observed for insecticidal and insect antifeedant activity [3a,3b] , and enzyme inhibitory activity [4] . In this work, we present the cytotoxic activities of leaf essential oils from members of the Lauraceae from Monteverde, Costa Rica, as well as activities of essential oil components, both individually and in combination.
The leaf essential oils of Beilschmiedia sp. nov. near brenesii ("chancho blanco") [5a] , Cinnamomum costaricanum [4b], Ocotea meziana, Ocotea sp. nov. "los llanos", and Ocotea sp. nov. "small leaf" [5b], exhibited in-vitro cytotoxic activity on MCF-7 human mammary adenocarcinoma cells (100% killing at 100 μg/mL). Beilschmiedia "chancho blanco" essential oil was dominated by the sesquiterpene hydrocarbons β-caryophyllene (16.6%), bicyclogermacrene (14.1%), germacrene D (6.6%), δ-cadinene (6.1%), and α-humulene (5.6%), in addition to large concentrations of the monoterpene hydrocarbons α-pinene (12.1%), cis-and trans-β-ocimene (5.1% and 4.1%, respectively) [5a] . The leaf oil of C. costaricanum was composed largely of the sesquiterpenoids α-selinene (18.4%), β-selinene (14.7%), kongol (13.1%), and β-elemene (8.3%), as well as the monoterpene α-pinene (8.7%) [4b] .
Both Ocotea meziana and Ocotea "small leaf" leaf essential oils were rich in germacrene D (50.6% and 60.4%, respectively), while O. meziana also had large amounts of β-caryophyllene (13.2%) and δ-cadinene (8.0%) [5b] . The leaf oil of Ocotea "los llanos", on the other hand, was dominated by the monoterpene hydrocarbons α-and β-pinene (27.5% and 17.2%, respectively), and trans-β-ocimene (24.1%) [5b]. Cytotoxic activity against the MCF-7 cell line has been observed for α-pinene, β-pinene, β-caryophyllene, α-humulene, and germacrene D
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[5c]. δ-Cadinene [5d] and β-elemene [5e,5f] have shown cytotoxic activity on a number of tumor cell lines.
While the high concentrations of these cytotoxic components may explain, in part, the observed cytotoxicities of the Lauraceous essential oils, synergistic effects are also likely to enhance the cytotoxicities. The cytotoxic activities of a number of essential oil components, as well as 1:1 binary mixtures, have been determined and are summarized in Tables 1 and 2 , respectively. At 100 µg/mL, β-caryophyllene, citral, α-copaene, α-humulene, and β-pinene showed greater than 80% kill ratios against MCF-7 cancer cells. The percentage kill ratios are much lower for 50 µg/mL. Thus, for example at 100 µg/mL, β-pinene killed 99% of the cells and at 50 µg/mL, killed none. Similarly, β-caryophyllene killed 100% of the cells at 100 µg/mL, but only killed 29% of the cells at 50 µg/mL.
To test the hypothesis that synergistic effects may be occurring with the components of essential oils, 1:1 binary mixtures of a number of components found in essential oils have been prepared and tested for cytotoxic activity (Table 2) . In most cases, there is an enhancement of activity. That is, the cytotoxic activity of the mixture is greater that what should be expected if the activities of the two materials are additive. For example, it was found that β-caryophyllene, when mixed in equal quantities with either citronellal or hexanal showed pronounced synergistic enhancement.
Similarly, artemisia ketone, in combination with bornyl acetate, caryophyllene oxide, fenchone, and thujone, showed notable enhancement. Conversely, the cytotoxic activity of α-humulene was antagonized upon mixture with monoterpene hydrocarbons such as pinenes, thujene, and camphene.
Likewise, camphene and terpinen-4-ol reduced the activity of β-caryophyllene.
Beilschmiedia "chancho blanco" essential oil contained 12% α-pinene and 17% β-caryophyllene [5a] . This study, however, has revealed that α-pinene and β-caryophyllene are antagonistic, so these compounds together cannot account for the cytotoxic activity of Beilschmiedia "chancho blanco". Likewise, Ocotea "los llanos" was rich in pinenes (28% and 17% α-and β-pinene, respectively) [5b], but the relatively weak synergistic effects of these two compounds cannot account for the cytotoxicity of Ocotea "los llanos" leaf oil.
Essential oils are generally complex mixtures of compounds, and potential synergistic and antagonistic effects should be taken into account when evaluating the biological activities of essential oils. Although this present study begins to reveal potential synergistic effects of essential oil components, much additional research is needed to look at ternary and higher order mixtures of these compounds.
Experimental
Plant material: Plants were collected, identified, and the leaf essential oils obtained as previously described [4b,5a,5b] . (Atlanta Biologicals; Lawerenceville, GA), 30 mM HEPES, 100 U/mL penicillin with 0.1 mg/mL streptomycin (Sigma; St. Louis, MO) at 37°C in a 5% CO 2 incubator. Media was replaced every 2 days to ensure optimum growth conditions.
Cytotoxicity screening:
In-vitro cytotoxic activity of the essential oils, pure compounds, and binary mixtures on MCF-7 cells was carried out using the MTT assay as previously described [5g].
Cytotoxicities were determined at 100 μg/mL for the essential oils, 100 and 50 μg/mL for essential oil components and 50 + 50 μg/mL for binary mixtures of compounds. 
